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ABSTUACT 

Measurements  were  madc of  t h c  s t a b i l i t y  o f  t i m e  t r a n s f e r  by t h e  

TRIG-8 code  o v e r  a  d e d i c a t e d  t e l e p h o n e  l i n k  on ~ l y d r o - Q u 6 b e c t s  mic ro -  

wave s y s t e m .  The s h o r t - a n d  long- te rm A l l a n  V a r i a n c e  was measu red  on  

b o t h  t y p e s  o f  microwave s y s t e m  used  hy  Hydro-QuGbec, one  o f  which  i s  

s y n c h r o n i z e d ,  t h e  o t h e r  h a v i n g  f r e e  l o r a l  o s c i l l . a t o r s .  The r e s u l t s  

p romise  a  t i m e  t r a n s f e r  a c c u r a c y  of  10 11s. The p a p e r  a l s o  d e s c r i b e s  

a p r o t o t y p e  s l ave  c l o c k  d e s i g n e d  t o  d e t e c t  i n t c r f e r e n c e  i n  t h e  I K I G - B  

code  t.o e n s u r e  l o c a l  t i m e  js k e p t  d u r i n g  s u c h  i n t e r f ~ r e n c e .  

INTRODUCTION 

Hydro-QuGhec's r e q u i r e m e n t s  w i t t i  r e g a r d  t o  t i m e  d i s s e m i n a t i o n  c o v e r  

a wide  r a n g e .  
1 

A s  far as volti . ige p h a s e  3ngl.e measurements  a r e  conce rn -  

e d ,  i t  c a l l s  f o r  a n  accuracy o f  10 p s  on a round-the-c1,ock b a s i s ,  365 

d a y s  a ye-ar .  The GOES s y s t f m  used  f o r  t h i s  p u r p o s e  t o  d a t e  h a s  y i - e l d e d  

u n s a t i s f a c t o r y  r e s u l t s  and  Hydro-@@her. i s  t h e r e f o r e  e x p l o r i n g  t h e  pos- 

s i h i 1 . i t y  now o f  making tnaxirnurr~ use o f  t h c  I K I G - B  s y s t c m .  
2 

T h i s  p a p c r  p r e s e n t s  t h e  r e s u l t s  o f  rneasurernc..nts per formed a t  two 

p o i n t s  on t h c  qughcc  u t i l i t y ' s  power s y s t e m  and d e s c r i b e s  t he  measu- 

rcment  and  c a l c u l a t i o n  f e c h n i q u e s .  T h c  o p e r a t i n g  p r i n c i p l e s  of the  

s l a v e  c l o c k  t o  b e  u s e d  f o r  d e t e c t i o n  p u r p o s e s  a r e  a l s o  d e s c r i b e d .  
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L G 2  CHURCH I L L  

iDOKm - 
HYDRO-QUEBEC M I C R O W A V E  N E T W O R K  

S I M P L I F I E D  D I A G R A M  

Figu re  1. 

2 .  STABILITY MEASUREMENTS - - - -~ 

2.1 Hydro-QuGbec microwave system 

Hydro-QuGbecls microwave system, illustrated in Fig. 1, comprises 

two main branches basically: MontrEal-Churchill Falls Via Arnaud sub- 

station, and Montrgal-LG2. The former, i . e .  the MontrGal-Churchill- 

Falls branch is the synchronized type. A pilot is transmitted from 

Montrgal and used at the various substations to phase-lock the local 

oscillators of the multiplexes. The Montsgal-LG2 branch, on the other 

hand, is the free-oscillator type in which the pilot serves only to 

generate alarms when the frequency error exceeds a given limit. 



In  p r a c t i c e ,  t h e  synchron ized  sys tem p r o v i d e s  a g u a r a n t e e  t h a t  t h e  

f requency  of  t h c  m u l t i p l e x e r  i n p u t  and o u t p u t  s i g n a l s  w i l l  bc i d e n t i c a l  

excep t  i n  t h e  caqe of l o s s  of s y n c l i r o x ~ i z a t i o n .  Fur thermore  t h c  phase  

between t h e  i n p u t  and o u t p u t  s i g n i ~ l s  inc rL lases  o r  decreases s t c p w i s c ~  

whenever a momcl~tary 1-oss o f  s y n c h r o n i z a t i o t ~  o c c u r s .  

The rlonsynchronized system can  i n t r o d u c e  a  maximum e r r o r  of  1 Hz 

i.n t h c  t r a n s m i t t e d  s i g n a l ,  whicl'l would t h e r e f o r e  bc lOOOgz a t  t h e  i n p u t  

ancl 1001 H~ a t  t i le  o u t p u t .  liowcver, i n  p rac t ice ,  t h i s  c r r o r  i s  more l i k e  

0.1 112, rqhirh r e s u l t s  i n  a smoot.11 phase  d r i f t .  

Tlhcsc c f i a r a c t e r i s t  i c s  of Hydro-QuC.bec ' s microwave sys tems  mean 

t h a t  a  c o r r e c t o r  h a s  t o  be used I n  o r d e r  t o  r e b u i l d  a  u s a b l e  I R I G - &  

s i g n a l ,  ~ ~ s t s  were therefore condur ted  on b o t h  t y p e s  of n ~ u l t i p l e x t l r  t o  

s t u d y  t h e i r  performanc-e. For t h i s  purpose  w e  used an IlCIG-B code o r < -  

g i n a t i n g  i n  Montrgal  from a rubidium  frequent:^ s t a n d a r d  lip 5065-Z. 

Measurements wcrc made on t h e  I K L C - B  code r e c e i v c d  and c o r r e c t e d  a t  

LC,-2 and a t  Arnaud s u b s t a t i o n .  

2 . 2  T e s t  s e t u p  

I n  t h e  t e s t  s e t u p  a t  Arnaud SuI>s ta t ion  ( F i g .  2 )  we used a  t i m e  

code r e a d e r  and a synchron ized  g e n e r a t o r  (Datum 9390).  A c l o c k  w i t h  a 

q u a r t z  o s c i l l a t o r  was used w h i l e  an  i n t e r v a l  c o u n t e r  and a s t r i p  c h a r t  

r e c o r d c r  s e r v e d  t o  measure t h e  accumulated l i n e  c r r o r  betwt2en t i le  two 

t i m e s  s c a l p s  ( I R I G - B  and c r y s t a l  o s c . i l l a t o r ) .  

I 
A t  I,C,2 ( F i g .  3 )  w c  used our  mobi lc  c l o c k  w i t h  a rubidium s t a n d a r d  

a s  r e f e r e n c e  (FRKH EFFATOM). This u n i t  comprises  t h e  IRTG-R d e c o d e r ,  

t h e  c o r r e c t o r  and t h e  i n t e r v a l  c o u n t e r  t o g t t h c r  w i t h  a s e p a r a t e  re- 

c o r d e r .  
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For the short-term measurements (Fig.4) a computing counter HP 

9360A, a hand pass filter (4=4 at 1000 Hz) and a Sctlmitt trigger were 

used. 

2.3 Exnerimental results 

Typical curves ob~ained are presented in Fig,.5. Some synchroni- 

zation losses were observed at Arnaud (Fig..6). The accumulated time 
3 error values obtained were digitized. The following equation served 

to calculate the frequency stability: 

where 

x(t) = variations in t h ~  time scalc due to random 
frequency variations. 

Two such curves were obtained, one at Arnaud, the other at T,G2. The 

T4G2 curve (Fig. 7) shows a long-term stability limit as well as the 

combined effect 05 the two rubidium references (master and mobile 

clocks). This explains the series of points above t11e typical fre- 

quency stahility curve of a rubidium frequency standard. Thc circles 

indicate the short-term measurements made at IKEQ. The curve for Arnaud 

(Fig. 8) shows the long-term frequency stnhility limits of the reference 

clock. 

It is clear from these curves that a 10-11s transfer time is possi- 

ble, although this remains to be confirmed by longer-term discrete mea- 

surements (over months). In Figs. 9 and 10 we plotted t h e  stability 

frequency curve in the case of a minor synchronization loss and it can 

be seen that already the stability has dropped one order of magnitude. 







I SHORT TERM VALUES 0 I 

Sample t i m e  10 SECONDS 
F R R C T I O N A L  FREQUENCY S T A B I L I T Y  D F  THE 

I R I G  B C O D E  R E C E I V E D  A T  L G  2 



>an le time i o n  SECONDS 
F R ~ C T I O N ~ L  FREQUENCY S T A E I L ~ T Y  O F  THE 

I R I G  B C O D E  R E C E I V E D  A T  R R N A U D  

F i g u r e  8. 
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However, t h i s  c a n  b e  p u t  t o  good u s e ,  as w i l l  be e x p l a i n e d  i n  t h e  n e x t  

s e c t  i o n .  

The c u r v e s  presentc- .d i n  F i g s .  6 and 9 stlow t h a t  a c o n v e n t i o n a l  

s l a v e  c l o c k  t r ac l c s  t h e  i n p u t - s i g n a l  d r i  f t  wit  il a r e l a t i v e 1 . y  s h o r t  t.irne 

c o n s t a n t  (.- 5 min o r  l e s s ) .  I ' l ~ i s  i s  i n d i s p e n s a b l e  b e c a u s e  t l i e  I R I G - B  

code r e a d e r  must b e  s u f f i c i e n t l y  a g i l , c  t o  f o l l o w  t h c  i n p u t  s i g n a l ;  

o t h e r w i s e  i t  r i s k s  l o s i n g  t h e  s i g n a l  and w i l l  have t o  1)cgi.n sweeping  

t o  r e l o c a t e  i t .  The  coup led  g e n e r a t o r  t h e r e f o r e  h a s  t o  f o l l o w  t h e  r ead -  

er . Wc a r e  now i n  t h e  p r o c e s s  o f  d e v e l o p i n g  a u n i t  i n  which  t h e  r ead -  

e r  and t h e  g e n e r a t o r  a r c  c o n t r o l l e d  s e p a r a t e l y  by t h c  same mic ropro -  

c e s s o r .  

F i g u r e  1 1  p r e s e n t s  a block diagram o f  t h e  p r o t o t y p e  s l a v e  c l o c k .  

Tile t i m e  r o d e  r c a d e r  t r a c k s  thct i n p u t  code ,  e l - i m i n a t  i n g  t h e  s h o r t - t e r m  

n o i s e  (up t o  a f e w  t e n s  o f  seconds). Thc programmable d i v i d e r  A d r i v e s  

t h e  t i m e  code  r e a d e r .  

On t h e  o t h e r  s i d e  we have a. s e p a r a t e  g c n e r a t o r ,  w h i c h  i s  corre.ctec]  

w i t h  a n o t h e r  programmable c o u n t e r  8, and a u n i t  Tor m e a s u r i n g  t h e  t i r n c  

d i f f e r e n c e  he tween t h e  r e a d e r  and t h e  g e n e r a t o r .  

I l l i s  app roach  en, lbles  uq t o  m a i n t a i n  3 r e l a t i v e l y  s h o r t  t i m e  cons- 

t a n t  (a f e w  t e n s  o f  s e c o n d s )  f o r  t h e  r e a d e r ,  and c o n s e q u e n t l y  k e e p  a 

check on any  code  d r i f t  wl l i le  c-hcck I ng i t s  consistency, w i t h o u t  needing 

t o  s h i f t  t h e  g e n e r a t o r  i n  t i m e .  The g e n e r a t o r  c a n  i n  f a c t  be  c o r r e c t e d  

w i t h  a t i m e  c o n s t a n t  o f  b e t w ~ c n  a f e w  h o u r s  and o v e r  one day i f  we u s e  

a rub  i d i  urn s t a n d a r d .  

Fu r the rmore  we can make n o t e  o f  c o r r e c t i o n s  t o  t h e  dkvi -der  B s o  

t h a t  w e  h a v e  a n  i d e a  o f  t h e  d r i f t  of  t h e  frccluency s t ; . lndard ,  whi.cti c a n  

b e  s y s t e m a t i c a l l y  c o r r e c t e d  wheni.vcr t h e  i n p u t  s i g n a l  d i . s a p p c a r s .  I n  

this case we h a v e  a z e r o  o f f s e t  f r e q u e n c y  cquivalcnt a t  t h e  o u t s e t .  I f  





a r u b i d i u m  f r e q u e n c y  s t a n d a r d  i s  u s e d ,  t h e  c o r r e c t i o n s  can  h e  t r a n s m i t -  

t e d ,  t h u s  p r o v i d i n g  a n  exrellent means o f  r e m o t e l y  s t u d y i n g  t h e  c l o c k  

pe r fo rmance  w i t h o u t  h a v i n g  t u  a d d  a n  o u t s i d e  r e f e r e n r e  c l o c k .  

F u r t h e r m o r e ,  t h e  AT i n t e r v a l  c o u n t e r  i i l lows  u s  t o  ca l . cu l . a t e  t h e  

s t a b i l i t y  of t h e  I R T G - B  code  as r e c e i v e d  and r e a d ,  t h u s  p r o v i d i n g  a 

r e l i a b l e  means o f  knowing whe the r  o r  n o t  we a r e  i n  t h e  p r e s e n c e  o f  

n o i s e  s o  as t o  i g n o r e  the  i n p u t  i n  t h e  g e n e r a t o r  c o r r e c t i o n  p r o c e s s .  

T h i s  app roach  i s  f a r  more s e n s i t i v e  t h a n  t h c  method p r e s e n t l y  employed, 

whi.ch c o n s i s t s  i n  c h e c k i n g  w h e t h e r  o r  n o t  t l ie  i n p u t  s i g n a l  i s  p r e s e n t .  

A pho tograph  o f  t h e  prototype c l o c k  i s  shown i n  F i g .  1 2 .  

SLAVE CLOCK PROTOTYPE 

F i g u r e  1 2  



CONCT,US I O N  

In this paper we have examined the stability of a time code dis- 

seminated on a microwave system. The measurements obtained reveal a 

possibility of time transfer with an accuracy of 10 us. The new pro- 

totype slave clock used should allow us to give a reliable time code 

despite interference in thc microwave network by calcul.ating the fre- 

quency stability of the signal received. This unit will also allow 

remote transmission of corrections to the generator and thus provides 

a possible means of control and mensurcment. 
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QUESTIONS AND ANSWERS 

DR. W INKLER:  

Thank you. I have a question concerning your f i l t e r .  I t  i s  c l e a r  
from the l a s t  s l i d e  t h a t  you r e j e c t  time code i~ fo rma t ion  fo r  your 
phase lock loop i f  the time l im i t  exceeds a cer ta in  l i m i t ;  i s  t ha t  
cor rec t?  Or, do you r e j e c t  the time code input i f  i t  i s  inconsis- 
t en t  over a couple o f  seconds. 

There a r e  t w o  d i f f e r en t  methods, dnd I was wondering whether 
you have some kind o f  an algorithm to  make the decision? 

DR.  MISSOUT: 

Okay. The f i r s t  thing t o  check i s  i f  the second of t h e  time card 
follow them. That i s ,  i f  you have 31, and so on, b u t  a l so ,  you 
have t o  check i f  there  i s  some noise because in some cases, you have 
a s l i gh t  d r i f t  in the code. You s t i l l  have consistency on the da t e ,  
b u t  ac tua l ly  we a re  not about to  detect  the s l i g h t  d r i f t .  So, we 
t r y  t o  make measurement of the Allan variance of the received s ig-  
nal and p u t  some level over which we decide tha t  the signal i s  too 
noisy t o  change output. 

DR. WINKLER: 

B u t  t h a t  i s  exactly my question because you assume a White o r  Gaus- 
sian d i s t r i bu t i on ,  and these e r ro r s  a r e  de f i n i t e l y  not Gaussian 
d i s t r ibu ted .  Any time you have a d i g i t a l  data transmission, your 
e r ro r s  a r e  completely non-Gaussian, as non-Gaussian as  you can be, 
and, therefore ,  i f  you don ' t  take t ha t  in to  account the algorithms 
a r e  completely wrong and very i ne f f i c i en t .  

S o ,  my question i s :  What i s  the re jec t ion c r i t e r i a ?  What i s  
the algorithm t o  r e j e c t  noise in the phase lock loop? 

DR.  MISSOUT: 

Okay. The f a c t  i s  i t ' s  not c l e a r l y  d ig i t a l  transmission. The prob- 
lem i s  due t o  loss  o f  synchronism in the micro system; so, what you 
observe a t  the  time i s  a quick change of the time t r an s f e r  in be- 
tween the input and the o u t p u t .  So, the only means I see t o  measure 
the Allan variance, i s  by taking samples and i f  the value i s  too 
h i g h ,  you w i l l  r e j e c t  the input value. 




